Abstract
Introduction

1.
We live in a world that constantly the new technologies emerge and create challenges for the field of educational technology, and at the same time, provide appropriate opportunities for improved learning. Present century also witnessed creation and penetration of one of the technologies which is known as "Digital Technology". This digital technology or as Connolly (2009) states, this "digital culture" has affected the ways of activities, social relations, economy, and communication, etc. of today generation. In other words, the digital culture has changed the human lifestyle in 21 st century.
Despite this fact that we have witnessed the emerging and development of new technologies and then the changing of today human being, traditional teaching methods have been maintained by educational systems and have not been changed in accordance to characteristics of modern human. In this regard, Prensky (2001) suggests that many researchers of learning and teaching fields state that if an individual of 200 years ago, who comes to the present times, will be surprised from changes which have been occurred from that time up to now except schools. However, he states that our educational system has failed and schools have actually become boring for learners. Even it is more boring than watching TV and working; and we, as educational professionals, are blamed for boringness of schools. Because for today's digital generation (Engage-me generation), our education is not only engaging but also, as Prensky argues, is boring. Human being is living in a world in which s/he has been born, and s/he performs the works and activities that are interesting for her/him. Today's generation was born in the digital world. In other words, today's generation has changed comparing to generation of Socrates. Their preferences and interests have changed and inevitably, in order our education is not boring for day's students we must change our teaching methods to pay attention to the interests of today's generation. To answer the question of what must we do in order our teaching is not boring for our students, Prensky (2001) states that we must change our teaching approach to a learner-based approach, and emphasizes that the gamebased learning can a good learner-based approach for today's generation. Farlane (2005) showed that games are more engaging, more enjoyable and more effective than traditional methods.
However, to apply this learning-based approach in teaching and learning, we are facing deficiency in resources in the world. Even it seems that the resources that have been written in the field of teaching and learning have not paid enough attention to the method or teaching and learning tool than game as the source. Botturi and Loh (2008) , reviewing several popular books in the field of educational technology, found that few of them have introduced game as the source or teaching tool. These limited resources have considered games as motivational activities to support and complete classroom lessons. Some educators also consider the games as the competitive exercises and activities that in this viewpoint the actual potentials and activities of the games are not take into consideration. The review of this kind of books indicates that the authors have eliminated the games from the texts of educational technology and consider them against teaching, and the readers of these books also disagree to apply games in teaching and learning. Based on the above, this study can add a source to the literature of educational technology. In this regard, Lacasa et al., (2014) also states that in the present time, computer games have entered into the everyday life of children, adolescents and youth. In spite of this influence and importance, educational potentials and their capabilities in strengthening thinking have been neglected.
Also about doing research on comparing the elements of computer games and the principles of teaching and learning, Richard (2006) states that giving the practical tips on how, when, to whom and in what circumstances, computer games and teaching and learning can be synthesized to enhance the learning capacity of computer games need to be studied by researches in the fields of computer game-based learning. Also, Richard, quoting from Del Blanco, states that computer games are new media and the educators are facing different challenges in using these new media in learning and teaching, including paying attention to educational principles and matching the games with the goals of curriculum. As explained earlier, several researches have been done on the engagement and effectiveness of computer games, but enough study has not been conducted on why and how computer games have engaged the learners in learning process and have been effective in this regard, and also how we can integrate and mix them with teaching and learning. In this regard, Chandler (2013) also states that many studies have been done in the field of educational computer games. Most of the research focuses on what players learn from these games, but we are facing the deficiency of research about how teachers can integrate and mix these principles of learning and teaching to improve learning in computer games.
Literature Review One of the cases that we can answer the question "How can we design appropriate educational game?" is that we should use the educational design patterns, because these patterns show the structured method or map for designing and producing computer games (Kelli, 2013) .
To this end, numerous researches have been conducted and several models have been presented. One of these known models is DODDEL 1 which was designed and developed by Mahon at Edith Cowen University of Australia. This model is a design pattern with a systemic approach. Situation analysis (objectives and outcomes, learning approach, learner and context), design (intended concepts, challenges, feedbacks and game approach), product design (organizing concepts, game behavior and activity), product document (general document, certain documents and variable documents), prototype product, final product, implementation and achievement and final assessment are key elements of the model (Norouzi and Dehghanzadeh, 2012) . GOM 2 is another model which the game situation, visual space and the issues and challenges are the major elements forming it. Kiili also proposed "experimental gaming model" in 2005. The schema elements of this model included learning objectives, challenges, fluency, idea generation, active experience, feedback, and reflective observation. This model shows the active learning process in computer games by posing the features of computer games.
The model is not appropriate for designing at the micro level. In fact, it can be said that none of these teaching models has been designed at the micro level. This case is exactly the main problem of the present study. In other words, the main problem of the present study is the absence of an appropriate model or framework to apply the computer games in educational designing in the cognitive domain at the micro level. The present study is seeking to develop a framework 1 document-oriented design and development for experimental learning 2 Game object model for designing educational computer games to teach a variety of cognitive domain contents, including facts, concepts, principles and procedures at micro level. This framework introduces a method for combination and integration of computer games in teaching and learning at cognitive domain for learning designers and developers of computer games. According to the abovementioned cases, we are faced with the following question: How we can teach the cognitive objects of fact types at the micro level through computer games? To answer this question, we are faced with some other questions. What elements have the computer games through which we are able to provide the teaching? Through what elements of computer games and how can we teach "facts"? Through what elements of computer games and how can we teach "concepts"? Through what elements of computer games and how can we teach "procedure"? Through what elements of computer games and how can we teach "principles "?
Research Objectives 2.
The main objective of this research was to develop instructional game design framework for types of cognitive domain subjects in micro level and evaluation of its effectiveness in principles learning. To achieve this main objective, the following objectives were determined. 1) Identifying the mechanics of computer games.
2) Identifying proper mechanics to learn the subjects of fact type.
3) Identifying proper mechanics to learn the subjects of concepts type. 4) Identifying proper mechanics to learn the subjects of procedure type. 5) Identifying proper mechanics to learn the subjects of principles type. 6) Surveying effectiveness of the proposed mechanics to design educational computer games to learn the principles.
Research Method 3.
This research was conducted through mixed method research. Among the qualitative research methods, the qualitative content analysis was used. Reason of choosing this method is the obtaining the intended framework from content analysis. To do qualitative content analysis in the study, written sources (books, articles, thesis and other writings on the subject of this paper) were used.
Quantitative method selected for validating and evaluation effectiveness of the proposed framework. From quantitative aspect of the research, after preparing the model using qualitative methods, first, its internal validation was done using the ideas of 25 professionals of training and videogames, and then it was implemented experimentally at the two experimental and control groups, and its external validation was done. For external validation, pretest-posttest with control group design was used. After the pre-test was performed by using researcher-made questionnaire, the model was used in the experimental group, while the control group received conventional teaching method.
Methods and Tools for Collecting Data 4.
In this study, several methods have been used for collecting data, which include the following:
A) Qualitative content analysis of written documents 1) Articles: To find related articles, first the key words related to the content analysis were identified, and then these keywords were searched. Article selection criterion was the existence of one of these keywords in the title of the paper. Due to the large number of articles, the priority was given to those that were indexed from 1990 onwards. 2) Books: Also by searching the above keywords in databases in which e-books can be downloaded, 26 books on the subject were obtained. Book selection criterion was the special focus on "computer gamebased learning". For this purpose, the list of books was carefully examined. With this restriction, 10 book chapters related to computer game elements were analyzed. B) Measurement: The researcher-made questionnaire validated for internal validity of the model by experts and researcher-made questionnaire for learning games for external validation of the obtained model were used.
Data collection Instrument
In this study, the following tools were used to collect data:
The validating questionnaire of proposed framework: After identifying the elements of digital games, game mechanics and learning methods of cognitive issues (facts, concepts, procedures and principles) and preliminary design of the proposed framework, questions related to internal evaluation of the model was developed considering the experts' ideas. The validity of this tool was done using the experts' ideas and the reliability of this instrument was also done in a pilot study by 15 experts in educational technology and digital games, which was calculated equal to 0.78 through Cronbach's alpha for the conceptual model. B) To validate the obtained model in practice, the questionnaire of effectiveness rate of designed game was developed in accordance with the framework of this research. The content validity of the questionnaire was validated by experts and its reliability was obtained equal to 0.88 using Cronbach's alpha.
Participants
In this study, the statistical population was significant from two aspects: (1) in the qualitative research method of inductive content analysis type, the statistical population consists of all related resources and scientific articles indexed in databases of Proquest, Springer, Science Direct, Emerald, Ebsco, and Sage, which have been used in this study. Sampling was purposive sampling from the population, which follows from the principle of gradual choice to reach the saturation. (2) In quantitative method of survey type, the population consisted of all teachers in the field of educational technology, doctoral students of educational technology and instructors of designing computer games who had works in their own special fields. Of this population, 25 individuals were purposively selected as sample size. In the experimental method, the population of this study consisted of all male students in the sixth grade in the city of Tabriz, who had enrolled in the academic year 2015-2016. The sample size consisted of 40 students who were selected through purposive sampling method, and the intended framework was performed on the sample in English language course. Researcher used the purposive sampling method because of restriction in choosing schools that were equipped to computers with capability of performing the intended games produced.
In the quantitative method in the intended survey, descriptive statistics were used to summarize data. To analyze the data obtained from the implementation of the model, corresponding to the project, analysis of covariance was used.
Results
What are the mechanics of computer games?
Digital games have so many diverse elements. Some of these elements that are related to the activities and interactions of players in the game is called mechanics, such as driving in racing games, creating in the simulation games, shooting in the action games, matching puzzle games. Mechanics also have various types and roles, but in this research the mechanics have been posed that are important and highlighted in types or styles of games; in other words, the most important and applicable activities that the players performs in the games have been presented in this study. Because each game has its own mechanics and the mechanics of each game determine the type of activities the players do in that game. Therefore, the mechanics of the game were extracted and selected among the diverse elements of digital games to match the variety of topics with the diverse mechanics in accordance of the characteristics of the mechanics and activities of the players. The obtained mechanics based on qualitative content analysis are presented in the table below. Feritts (2009), on classification of certain styles of digital games and their certain mechanics, writs that exploration, solving puzzles, adding up the items are the strong stories special for adventure game style. Mechanics of velocity, realtime, targeting and firing, remove and destroy are specific for action style. Role-play style also includes its own mechanics, including role play, challenge, fight, skill and fantasy. Simulation style covers its particular mechanics of actual situation, working with tools (tools such as tanks, planes, etc.), building (like building a house, etc.). Mechanics of resource management, competition, decision making and time management are considered as the important strategic style mechanics. Kapp (2012) states that, the important mechanics of educational digital games include mechanics of the story, matching and comparing, searching and coining a word, repetition, grouping, and dragging and dropping, experiencing a concept or experiencing a role. Ernest Adams and Joris (2012) have also divided the mechanics of the games as physical mechanics (such as motion and pushing, driving the objects), economic mechanics (e.g., adding up, producing, trading), progressive mechanics (such as strengthening avatar, enlarging, completing the process), tactical mechanics (such as attack or defense, movement of parts, management of resources and time) and social mechanics (in pair games or more than two). Freitas (2011) also argues that adding, deleting, defending, eluding, resource management, competition, and creation are the most important mechanics of digital games. Also Jauoti (2008) also considers the important mechanics of educational digital games as eluding, management, conflict, incident or chance, shooting, building or creating, destroying, aligning, writing, moving and selecting. Hirumi (2015) states that, the important matching-style mechanics of educational digital games include the construction, searching and exploration, driving, selection, challenge, control, simulation, rewarding. After extracting mechanics and matching the types of them with a variety of issues, experts of educational technology and computer games evaluated their fitness with teaching of the various types of cognitive subject (facts, concepts, procedure and principles). As the above tables show, according to content analysis and assessments done by specialists, puzzle mechanics, repetition, movement of parts, drag and drop, removing and destroying, targeting and shooting and story are appropriate mechanics to learn facts; matching, picking , classification, role play, search and exploration, adding up are proper mechanics to learn the concepts; problem solving, search and exploration, acting, performing, decision-making and hierarchy or time limit are appropriate mechanics of learning issues of procedure type; problem solving, decision making, implementing, creating, managing, testing and retesting, designing, manipulating are proper mechanics to learn the subjects of principle types in digital games. The appropriateness of the obtained mechanics with the styles of digital games was determined by interviewing with eight experts of computer games. In other words, through an interview it was determined which mechanics are executable and practical in which genre of computer games. This appropriateness is presented in the proposed framework.
By which mechanics, the various types of cognitive subjects can be thought in computer games?
To what extent is effective the proposed mechanics to design educational computer games to learn the principles?
Hypothesis: The learning rate of students who learn through the proposed mechanics is higher than the learning rate of students who learn through the conventional games.
The results of the analysis of covariance for learning scores after adjusting the pretest The results of the analysis of covariance for evaluating the differences of groups in learning scores were presented in the above table. According to the obtained results from the table (P<0.05; df=1; F=11.579), when the pretest effect is eliminated from learning outcomes, the difference between the training groups for ordinary and designed games with research model is significant at the level of 95%. Therefore, there is a significant difference between the scores of the groups in learning tests. Accordingly it can be concluded that the two mentioned games have different effects on student learning.
Discussion and Conclusion 5.
According to the results obtained from various studies, today's digital generation prefers to engage the certain media of their own time. According to Monroe (2015) , the educational value of digital games is undeniable. Also, Alle et al. (2016) and Clark et al. (2015) suggest that the analysis and meta-analysis have shown that digital game-based learning is effective. Butler (2015) in an article entitled "The use of computer games as foreign language learning tasks for digital natives" suggests that for being effective the digital games in learning, it is very important to determine which features of digital games are suitable for educational purposes. In recent years, researchers seek to design and produce digital games that are both educationally effective and engage learners in the learning process. In this study, researcher sought to provide a framework that in the case of implementation, the computer games can be effective in terms of education and also engage the learners in the learning process. For this purpose, in accordance to the obtained framework, in designing the intended games the features or mechanics of comparing, classification, role play, searching and exploration, and adding-up have been used. Hiromi and Stapleton (2008) consider the educational activities and learning for subjects of concept types in using of the presentation of the important features of concepts, examples, etc., and the use of conceptualized maps to show the relationship of concept with types and elements of concepts for using the pictures in learning. Merrill (1983) also believes that in learning the concepts, the learners should be able to detect examples from other examples and classify them. Kapp (2012) states that learners, to learn concepts, should know the important features of concepts to be able to recognize the examples from other examples of concepts and classify them. He suggests that to learn the concepts in digital games, it is better to use the mechanics of matching, classifying, and experiencing the concept. Van Eck (2010) also states that in digital games the strategic styles, simulation and role-play are appropriate to teach and learn the concepts and principles and role play, story, adding up, the actual situation, picking and management are the important mechanics of this style. So as Butler (2015) and others, it can be said with certainty that in order the digital games to be effective in learning it is much important to determine which features and elements of digital games are suitable for a variety of educational purposes.
In learning the facts, the learning activities of repetition and practice, association and relationship, expanding and development, and classification and grouping can be used. Hiromi and Stapleton (2008) know the teaching and teaching activities for issues of fact types as mnemonic tools (keyword, mental imagery, acronym), practice and repetition, classifying in different categories, using concept maps to show the relationship between facts, using tables, graphs and images, using the relationship between facts. in "learning based on digital games" states that to teach facts, learning activities of memorization, practice and repetition, association and relationship, and questions are more appropriate, and to implement these activities in the digital gaming, the game styles of flashcard type, puzzles and puzzle and memory are suitable.
Nicola Witton (2010) in "learning with digital games" suggests that the styles of puzzle games are more suitable for learning and remembering subjects of the fact types. Thomas Connolly (2009) states that quiz games that are a kind of puzzle games are more ideal for teaching and learning facts. Kapp (2012) states that in teaching facts, the mechanics of drag and drop, repetition, story, comparing, questions-based mechanics, and exploration and search are used. Wilson et al. (2009) in an article entitled "comparison between the elements of digital games and learning objectives" explain that the puzzle games are suitable for learning the describing knowledge and facts. Also, Muzi-Lane (2010) in an article entitled "designing effective learning games" states that designing quiz and memory games is easier and more appropriate for teaching subjects of fact types.
According to important features of concepts, in learning them the learners recognize the concepts from other concepts and classify them. Hiromi and Stapleton (2008) consider the educational activities and learning for subjects of concept types in using of the presentation of the important features of concepts, examples, etc., and the use of conceptualized maps to show the relationship of concept with types and elements of concepts for using the pictures in learning. Merrill (1983) also believes that in learning the concepts, the learners should be able to detect examples from other examples and classify them. Kapup (2012) states that learners, to learn concepts, should know the important features of concepts to be able to recognize the examples from other examples of concepts and classify them. He suggests that to learn the concepts in digital games, it is better to use the mechanics of matching, classifying, and experiencing the concept. Van Eck (2010) also states that in digital games the strategic styles, simulation and role-play are appropriate to teach and learn the concepts and principles and role play, story, adding up, the actual situation, picking and management are the important mechanics of this style.
Procedures are subsequent stages that the learners learn to perform a task such as solving an account problem (kemp, 2013) . In learning, the learners observe the procedures, and then practice them. In this regard, states that observation and imitation of the stages of the procedure and practice are the important activities of learning subjects of procedure type.
Van Eck (2010) also states that all types of game-plays can support all types of knowledge or provide the ground for learning all types of knowledge, but games of puzzle, action and adventure styles are more appropriate for learning descriptive knowledge and facts; games with simulation and adventure styles are suitable for learning process and procedural subjects, and strategic simulation games and role play can support the subjects of concept an principle types. On the other hand, Fritts (2009) argues that the real situation, working with tools, searching and exploration, and problem solving are important mechanics of digital games with adventure and simulation styles. Also, Van Eck (2010) states that, the main feature of the procedural subjects is that several activities or tasks should be done in a certain order successively. In digital games, performing the stages of a task is done with the stage-to-stage solving of an algorithmic problem through mechanic of element of time limit, that is, the player must do an activity at a certain and specified time limit and then after finishing the time, s/he should do the next activity or step within another specified time limit. So, the player will perform all necessary activities step by step (time limit or time mechanic) at designated times. Prensky (2001) also states that the style of games that use a time limit is very appropriate for teaching and learning procedural and process subjects.
Principle or rule is a term that first expresses the causative relationship between subjects and then between concepts. For example, the sum of the sides of a triangle is 180 degrees, or water boils at 100 degrees (kemp, 2013; kapp 2012) . In digital games for teaching and learning the principles, first the player or learner receives the examples, do
